I
n an infectious disease pandemic, public health departments will be challenged to provide vaccination to all sectors of society. 1 Major employers, universities, and other systems with large, well-defined, and geographically concentrated populations can assist in this public health endeavor by conducting closed point-of-dispensing (C-POD) mass vaccination clinics for their populations. Vanderbilt University Medical Center entered into such an agreement with the Nashville Health Department to assume responsibility for the vaccination and treatment of approximately 100 000 people, including employees, their families, and students. In return, the Health Department agreed to allocate pandemic vaccine and supplies received from the Strategic National Stockpile.
The most effective approach to the mass delivery of point-of-dispensing vaccinations is not fully known. The challenge is not only to deliver vaccines quickly and efficiently, but also to coordinate logistics and communications on a large scale, to document appropriately, and to deliver the vaccine in a safe and controlled environment. The Hospital Incident Command System (HICS) was previously used to deliver seasonal influenza vaccine as part of an emergency preparedness drill; however, the total number of individuals vaccinated per day in that case was low. 2 In the event of a pandemic or bioterrorism event, we need to accommodate many thousands of patients per day.
To test surge capacity for high-volume throughput, enthusiasm was stimulated by promoting the first event as an official challenge to the Guinness World Record for most vaccinations in an 8-hour period. Similar annual mass vaccination exercises took place over the next 4 years. We also describe subsequent process changes based on lessons learned and the impact of such changes on vaccination coverage and process efficiency. Lessons from our experience will help inform the refinement of similar occupational and community pandemic preparedness plans and promote the uptake of influenza vaccinations among employees and students in similar settings.
METHODS
The Federal Emergency Management Agency uses a national standardized incident command system to coordinate a response to various types of emergencies, including pandemics. 3 Adapted to the health care sector, the HICS integrates the health care facility's response with the local, regional, and federal emergency management system, as well as with other hospitals. We used the HICS structure to organize Flulapalooza, first identifying an incident commander and other key officers (planning, logistics, operations, and finance), with oversight, budget, and coordination from our Occupational Health Clinic (Figure A, available as a supplement to the online version of this article at http:// www.ajph.org).
Flulapalooza uses a C-POD model, in which the event is limited to a single site and the dispensation of vaccine is controlled at that location. We selected this model, as opposed to an open or multisite point of dispensation, for several reasons. First, the C-POD model allowed optimum supply management, ensuring that no vaccination stations had either a surplus or a shortage of vaccine or other supplies. Second, the model permitted us to monitor the environment of care easily. In addition, the C-POD design offers advantages in personnel management. For instance, we used a small pool of vaccinators to fill in staffing gaps, and all staff received just-in-time training at a central location near their workstation. Finally, our organizational culture fits this model, as large events involving both the Medical Center and the adjoining university, inclusive of faculty, staff, and students, tend to generate a sense of excitement and camaraderie that we hoped to leverage for word-of-mouth advertisement.
Vanderbilt University comprises 10 schools and has approximately 12 500 undergraduate, graduate, and professional students. Vanderbilt University Medical Center (VUMC) comprises 3 hospitals (adult, children's, and psychiatric) and a large multispecialty clinic located on the same campus. Together, Vanderbilt University and VUMC employ more than 4100 full-time, part-time, and clinical faculty, and a staff of almost 20 000. VUMC is the largest private employer in Middle Tennessee.
Pre-event Planning
A series of planning meetings began in spring 2011, and occurred at increasing frequency over 6 months. At the first meeting, the name "Flulapalooza" was chosen for its playfulness; it implied an enjoyable, festivallike atmosphere, which the planners judged to be important to encourage participation. Event eligibility was limited to employees, students, and volunteers because of the logistical challenges involved with vaccinating family members. A second, separate exercise for family members was conducted in 2012 with a focus on vaccinating a pediatric population. Initially planned as a 1-time event, Flulapalooza became an annual recurring event because, in large part, of employee and management demand. A formal debriefing session followed each annual event, allowing officers and event staff to identify opportunities for improvement. These suggestions were then reviewed at the start of the subsequent year's planning meetings.
The event comprised 6 physical locations. The vaccination clinic itself, where vaccine was administered and documented, consisted of a very large (40 feet · 120 feet) outdoor tent. Before entering the vaccination clinic, participants entered a lobby where they received a vaccine information statement and had the opportunity to ask questions of medical staff before queuing up. In the first 2 years, an eligibility station was located in the lobby, where employees without identification badges and nonemployees were evaluated for eligibility to receive services, but in subsequent years the eligibility station was relocated to inside the vaccination clinic to reduce congestion. Event staff reported to the staff registration and training tent to sign in and out for their work shifts, receive just-intime training for their specific assignment, and collect any necessary equipment, such as radios, vests, or documentation tools. To evaluate and treat individuals with adverse medical events (e.g., fainting, allergic reactions) an emergency medical tent staffed with paramedics and emergency medical technicians was located adjacent to the vaccination clinic exit. A staff break room stocked with snacks and beverages near the vaccination clinic provided a place for event staff to rest.
Finally, several officers staffed an incident command center to coordinate communications and resources, and to monitor the event for quality, safety, and operational efficiency. In the first 3 years, the incident command center was in a separate location from the vaccination clinic. In 2014, the incident command center was moved inside the tent to improve communication among event officers.
The vaccination clinic layout changed in the third year of the event (2013), on the basis of the results of a time-flow study conducted in the first year. In the original design, participants entered at the short end of the tent and were dispersed into 4 lanes. They traveled down the length of the tent to a vaccination station, and then proceeded to a documentation station before exiting at the far end of the tent (Figure 1a .) This design made it difficult for participants to visualize the next open vaccination station and created down time for vaccinators waiting for the next person in line to walk to their station.
In year 3, the flow was changed: participants entered the tent midway along the long side, self-dispersed into 1 of 4 lanes, and at the front of each lane were greeted by a staff member who directed them to 1 of 18 vaccination stations distributed horizontally across the tent "bank-teller style" (Figure 1b .) Changing the layout enabled a clear line of vision to the available vaccination stations, so staff could maintain a short queue at each vaccination station, eliminating vaccinator down time. In addition, the horizontal layout reduced participant time spent traversing the tent.
Documentation and Data Management
Coinciding with the change in layout, the method of documentation changed in year 3. In planning for the first event we conducted timed observations of nurses giving flu shots. The most time-consuming step was electronic documentation of vaccination by the nurse, followed by discussion and education, with the actual vaccine preparation, administration, and application of bandage taking the least time.
To prevent long discussions from slowing patient flow, medical personnel in the lobby answered medical questions about the vaccine. Resource nurses in a separate area of the vaccination clinic vaccinated participants who needed more education, reassurance, privacy, or a chair. Documenters entered all vaccination data into an electronic databaseMicrosoft Access (Access 2010, Office Pro edition, Microsoft Corporation, Redmond, WA) in 2011, REDCap 4 (Research Electronic Data Capture, Vanderbilt University Medical Center, Nashville, TN) in 2012, and a custom-built occupational health mobile application in all subsequent years (Appendix A, available as a supplement to the online version of this article at http://www.ajph. org.) Use of the occupational health mobile application speeded data entry through an intuitive touch screen and allowed documentation to be moved to the point of service, where a documenter was paired with each vaccinator.
A 1-time, 4-question, online satisfaction survey was e-mailed to Flulapalooza participants 1 day after the 2011 event.
Vaccine and Supply Management
The lead pharmacist oversaw a staff of pharmacy technicians to ensure the vaccine remained at the correct temperature throughout the event. Before the event, technicians removed unnecessary packaging and placed trays of prefilled syringes into plastic bags in groups of 50. During the event, each vaccinator was provided with enough vaccine to last an hour. Pharmacy staff rounded throughout the event to restock each station with fresh vaccine as needed.
Each station was initially stocked with a caddy containing needles, alcohol wipes, a stack of unwrapped 1-inch-by-1-inch gauze, and adhesive bandages. Supply staff continually rounded through the stations, replacing depleted caddies with fully stocked ones, and taking the empty caddies to a restocking station where they were refilled and recirculated to a vaccination station.
A flag system at each vaccination station allowed vaccinators to raise color-coded flags indicating that they needed vaccine (blue) or supplies (yellow.) This visual cue allowed the correct staff to respond appropriately. Other flags could be raised to summon a clinical leader (red) for medical assistance or vaccinator break, or to summon a technical troubleshooter (purple) to help with a hardware or software issue.
Staffing
Leaders from occupational health, pharmacy, supply management, student health, human resources, nurse staffing, safety, and facilities comprised the event officers ( Figure  A) . Officers participated in pre-event planning and supervised defined procedures and staff during the event itself. State and local health department representatives were included in event planning and served as observers during the event.
Vaccinators were licensed nurses or pharmacists, or nursing or pharmacy students certified to administer intramuscular injections. Student vaccinators could participate as part of a clinical learning experience. The staffing officer verified all vaccinator licenses and credentials before the event. Nurses and pharmacists were solicited from the VUMC employee population. Student vaccinators were recruited from the local nursing and pharmacy schools. Faculty preceptors from each school accompanied their students to provide supervision.
Nonclinical staff were recruited from among the Vanderbilt employee population to serve as documenters, to direct traffic, and to provide general event assistance. In the first year, medical center volunteers served as traffic directors; however, we discovered that the role required more assertiveness than is inherent in the usual volunteer role. All traffic director positions were classified as employee roles starting in year 2.
Training
Documenters received classroom training during the 2 weeks before the event. The length of the training was shortened from 4 hours to 2 hours with the implementation of the occupational health mobile application in year 3. The training included hands-on practice with the documentation database in a test environment, and downtime documentation procedures. As medical center employees, all documenters underwent mandatory initial and annual Health Insurance Portability and Accountability Act training.
Other nonclinical staff received just-intime training before their first shift. Training included the overall event layout, location of exits and staff break room, "real-world" emergency response, and a review of specific job functions, as outlined on their written job action sheet.
Vaccinators arrived 30 minutes before their first shift to receive training. Occupational health nurses provided hands-on training at fully equipped vaccination stations, identical to the stations used in the vaccination clinic. Training covered the protocols for vaccine administration, accidental needlestick, and "real world" emergency; the event layout including patient flow, exits, and staff break room; the role and location of documenters, clinical leaders, and resource nurses; and operation of the flag system to request vaccine, supplies, or other assistance.
To provide clear and consistent roles and responsibilities, and to facilitate and supplement training, each staff member working at the event received a job action sheet with specific steps to take and responsibilities of their role (Appendix B, available as a supplement to the online version of this article at http://www.ajph.org). Additional protocols were used for vaccine administration, needlestick, vaccinator training, and others (Appendix C, available as a supplement to the online version of this article at http:// www.ajph.org).
RESULTS
A total of 66 591 influenza vaccines were administered to Vanderbilt employees and students at Flulapalooza events between 2011 and 2015 ( Table 1 ). The largest number of vaccinations (14 681) was given in 2011. Although that year's event lasted 13 hours total, a designated 8-hour period was selected in which to challenge the Guinness World Record for the most vaccinations given in an 8-hour period at a single site. Vanderbilt broke that record with 12 850 vaccines given during the designated 8 hours.
Forty-four immunization stations were deployed in 2011, the largest number of the time period covered by this analysis. The trend in number of vaccines given per hour was similar in the last 3 years of the program, increasing rapidly in the first 2 hours, plateauing at 1200 to 1400 vaccines per hour between the hours of 10 AM and 4 PM, and declining to around 900 vaccines in the last hour (data not shown). In general, the more recent the program year, the higher the number of vaccines administered per hour.
At least two thirds of flu vaccines during the study period were administered to employees. Slightly more than half of all participants were VUMC employees ( Table 1) . The median age (6SD) of participating employees ranged from 42.9 (612.6) years in 2011 to 43.5 (612.8) years in 2013. The majority of employees were female (63.1% to 66.3%) and of White race (74.8% to 79.2%). On average, participants had worked at Vanderbilt for about 8 years (Table 1) .
Overall, 31% of employees attended Flulapalooza. Approximately 20% of nurses attended, compared with about 60% of housestaff and 40% of attending physicians, faculty, and other staff (data not shown).
Flulapalooza was associated with an increase in the influenza vaccination rate for Medical Center employees and students, but not for University employees ( Figure B , available as a supplement to the online version of this article at http://www.ajph.org).
The response rate to the 2011 event online survey was 64.8% (6740 of 10 409 participants). Ninety-nine percent of respondents answered "Yes" to all 3 questions: "Did you receive your flu shot in a timely manner?"; "Did the event seem organized?"; and "Will you participate in future mass vaccination events such as Flulapalooza?" Social media activity on the day of the 2011 event provided real-time word-ofmouth advertising. In subsequent years, participants continued to post mainly positive commentary on Twitter and Instagram before, during, and after each year's event. An analysis of Twitter posts about Flulapalooza revealed that participants use Twitter to share their personal experience and encourage others to attend (Table A, available as a supplement to the online version of this article at http://www.ajph. org). The festive atmosphere and efficiency of operations were commonly remarked upon. In the first year, most tweets referenced the world-record attempt; however, in subsequent years this was not frequently mentioned.
DISCUSSION
Our experience demonstrates that it is feasible, practical, and efficient to vaccinate thousands of employees in a short timeframe by using the HICS and a C-POD model. Although others have used this approach for employee vaccination, previously published Continued drills vaccinated fewer people over a longer period of time. 2 In the event of a pandemic, it will be essential to deliver vaccine safely and quickly to large numbers of people, especially health care workers.
Good guidance for conducting large-scale vaccination clinics already exists. 5 However, these guidelines are geared to the general public, whereas some employment sectors, such as health care and the military, are uniquely situated and motivated to conduct highly efficient, high-throughput events. This workforce needs to be among the first vaccinated to a new emerging pandemic or bioterrorism pathogen, and cannot spend excess time away from their job duties. 6, 7 Health care and military employers have several advantages that allow for highvolume, fast-moving vaccine clinics: access to electronic eligibility files or rosters of employees that reduce the amount of demographic data to collect, employee ID cards with magnetic stripes or electronic chips to eliminate paper registration forms, the ability to provide the vaccine at no charge, and an exclusively adult population with a low prevalence of illiteracy, language barriers, and other special needs. Previous authors have demonstrated efficiency improvements in military vaccination venues. 8 However, these clinics provide multiple vaccinations, so their throughput rate is slower than we were able to achieve in this single-vaccine event.
A higher percentage of physicians and faculty attended Flulapalooza than nurses, despite comparable vaccination rates later in the season. This is understandable given the staffing model for inpatient units, as many nurses are not at work during the event. Therefore, a comprehensive vaccination program should not rely upon a single mass event to replace alternatives such as mobile carts, departmental onsite visits, walk-in availability in a clinic, and peer vaccination programs.
Lessons Learned
Through a continuous quality improvement process, changes were made incrementally over the years and assessed for their impact. Improvements in efficiency were observed to be primarily the result of 3 changes: maintaining short, clear sightlines between greeters and vaccination stations; using simple electronic documentation; and providing substantial nonnursing assistance to vaccinators. Many other assessments, such as timed observations of nurses, led to incremental improvements. For ease of reference, lessons learned are summarized in the box on the next page.
Prefilled syringes reduce vaccine preparation time, eliminate waste from safety device dead space, and are thimerosal-free, which employees frequently request (box on the next page). We recommend stocking the main vaccination stations with the standard vaccine only. For alternate vaccination forms such as high-dose or egg-free vaccine, we endorse providing separate space and staff who are trained to educate employees on these vaccine types and can select, administer, and document different vaccine formulations.
Vaccination rates in the Medical Center rose impressively over the 5 years, and multiple factors likely contributed to this. Nationally, an increased emphasis on influenza vaccination of health care workers was evidenced by inclusion of a 90% vaccination rate for health care workers in the US Healthy People 2020 goals. 9 The Joint Commission promulgated a requirement for comprehensive influenza vaccination programs, which includes measuring vaccination rates and reporting to leadership. 10 The Centers for Medicare and Medicaid Services added health care worker influenza vaccination rates to their quality metrics, and this became Other participant type includes volunteers, student vaccinators from nearby pharmacy schools, visiting housestaff, and contract workers. g P = .186 based on a c 2 for a trend, indicating no significant change in participant affiliation (university vs medical center) across the 5 years. h P = .007 based on a Kruskal-Wallis test. Participants in 2013 were slightly older than those in 2011. i P < .001 based on a c 2 for a trend, indicating that the percentage of participants who were male increased significantly across the 5 years, notably after the first year. j P < .001 based on a Kruskal-Wallis test. Years working at Vanderbilt was greater in the middle 3 years. k P < .001 based on a c 2 for a trend, indicating an increase in the proportion of participants who are Black or Asian. l Other ethnic group denotes not specified, American Indian/Alaska Native, Native Hawaiian/Other Pacific Islander, and missing data. 11 VUMC's vaccination policy evolved over these 5 years, gradually reducing the ease of declination. In the 2015-2016 season, disciplinary action was added for employees who were not vaccinated (barring an approved medical or religious exemption). However, it is noteworthy that before any disciplinary sanctions, VUMC's vaccination rate was 92%, exceeding both the national vaccination rate and the Healthy People 2020 goal for health care workers. 12 Many health care facilities across the United States have implemented mandatory influenza vaccination policies in an attempt to achieve high vaccination rates. These policies can at times be perceived by staff as adversarial. 13, 14 Microblog content analysis has been shown to be helpful as a gauge of patient interest and concerns about medical topics. [15] [16] [17] Social media commentary by Flulapalooza participants suggests that this fun and novel event is appreciated by employees and contributes to employee engagement.
The strengths of our study included the real-life setting, use of an incident command system, multiple-year data that enabled comparison of trends, and a large sample size that improves generalizability of findings. However, our study had limitations: it was conducted at a single large academic medical center, which may not be representative of other health care facilities. In addition, the venue and format of the vaccination event, in which most participants do not sit down to receive their vaccine and are not required to complete any paperwork was not only acceptable, but also was highly satisfying to our population of mostly health care employees. Such a model may not be appropriate for a different population.
Public Health Implications
A large-scale mass vaccination clinic can be successfully implemented by using HICS and a C-POD model in a business or health care facility. Our experience illustrates the feasibility of incorporating such a model into routine facility practice, and the importance of flexibility and contingency planning with an emergency operations center and incident command system. By optimizing electronic documentation, keeping short sightlines for patient flow, and providing adequate support staff, such an event can be highly efficient. Employees tend to view the event positively, largely because of the festive atmosphere and fast throughput. Businesses, universities, and health care institutions may adopt such onsite vaccination strategies as part of our national emergency response infrastructure. Because it is critical that employers' plans work in concert with the overarching public health plan, such mass vaccination exercises should be conducted in collaboration with the local health department. 
